Summary. Normal Preservation of the fertility of mice with grafts of ovarian tissue has proved to be more difficult than maintenance of cyclic cornification of the vagina. The problems involved are discussed.
INTRODUCTION
In 1956, Parkes showed that autografts of mouse ovarian tissue retained their viability after freezing and thawing ; he used the methods that had been evolved for the preservation of rat ovarian tissue (summarized by Parkes, 1957) . All these experiments were solely concerned with the endocrine function of grafted tissue, but Deanesly (1954 and Green, Smith & Zuckerman (1956) estimated the numbers of surviving oocytes in preserved tissue ; they calculated that more than 90% of the oocytes in rat tissue that had been frozen and stored before subcutaneous autografting were destroyed. However, a varying number of small and primordial follicles survived and came to maturity. More recently, Parrott (1958) and Parrott & Parkes (i960) (Parrott & Parkes, 1959) . Even when inbred strains of mice were used, grafting resulted in great loss of oocytes which shortened the reproductive life of graft recipients to about half of the normal span (Mussett & Parrott, 1961) . More¬ over, the average size of litters born to mice with orthotopic ovarian grafts was small and pseudopregnancies and resorbed pregnancies were more frequent than in normal mice of the same age (Mussett & Parrott, 1961 CBA/Fa-at or G strain. An inbred strain in which three types of coat colour are found (Parrott, i960) . The donors and recipients were different phenotypes so that any offspring deriving from an orthotopic graft would be immed¬ iately distinguishable from the receipient's own offspring.
TO. The origin of this stock has been described by Gledhill ( 1959 (unpublished) showed that lower doses were equally effective in some strains of mice. Local irradiation to the dorsolumbar region was also successful, and this method for sterilization has been described in experiments with hamsters (Parrott, 1959) . Mice to be sterilized by whole-body irradiation were enclosed, ten at a time, in a shallow box to prevent them shielding one another. The dose rate was 50 r/min (potential 80 kV; current 6 mA; filter 1 mm aluminium), and the doses of irradiation given were as follows:
( 1 ) Two doses of 450 r whole-body irradiation separated by an interval of at least 2 weeks (TO and R stocks).
(2) Two doses of 300 r whole-body irradiation also separated by an interval of at least 2 weeks (TO, R and CBA).
(3) One dose of 200 r whole-body irradiation (G strain).
(4) One dose of 435 r to the dorsolumbar region alone (G strain).
The operative technique has already been described in detail (Parrott & Parkes, 1956; Parrott, 1959) .
METHODS OF PRESERVATION
Techniques for the preservation of rat ovarian tissue were described in detail by Parkes & Smith (1953 , Smith & Parkes (1954) and Parkes (1957 Parkes ( , 1958 (1950, 1951) and Ingram (1958 The effect ofsoakingfor at least 1 hr in a medium containing 15% glycerol beforefreezing and thawing Parkes & Smith (1953 and Parkes (1956) showed that the preservation of endocrine activity of ovarian tissue after freezing was considerably improved by the addition of glycerol to the suspending media. A medium containing 15% glycerol in horse serum with a soaking time of at least 1 hr at room temperature before freezing was satisfactory for both rat and mouse tissue ; the same medium was used in the first experiments with orthotopic grafts (Table 1) .
Five of the ten R mice in the first group mated when paired and two showed implantation signs but both pregnancies were resorbed. The results were slightly better when the donor material was soaked for a longer period (1^t o 2 hr) in 15% glycerol in horse serum before freezing and thawing. One of the eight mice had a live litter of three offspring ; two others became pregnant but the pregnancies were resorbed. None of the mice in either group mated for a second time and the grafts removed from these animals at autopsy were com¬ pletely exhausted of oocytes; only corpora lutea remained even in the graft from the mouse which had had a litter (PL 1, Fig. 2 ). In contrast, ten out of thirteen R mice with grafts of freshly donated material were fertile and many of them had successive litters (PI. 1, Fig. 1 ). Many oocytes were still present in grafts removed from these animals after 120 days. However, Parkes (1957) showed Fig. 3 ). These results confirmed the observations of Deanesly (1954 (Table 3) . By contrast, only one out of ten TO mice that had received grafts from infantile donors was fertile although this one animal was as successful as the control mice (Table 3) . None of the ten TO mice that had received frozen ovarian tissue derived from adult donors was fertile and consequently this group is not in¬ cluded in Table 3 ; some grafted tissue had survived but no oocytes remained.
Two groups of G-strain mice were grafted with tissue that had been soaked in 12% glycerol for 30 to 40 min before freezing ( Parkes (1958) found that two-stage rapid cooling, that is plunging ampoules into freezing mixture at -30o C and after 5 min at this temperature transferring to alcohol at -79o C, was almost as effective in preserving the endocrine function of rat ovarian tissue as the more complicated slow-cooling method. However, no success was obtained when this method was applied to the pre¬ servation of fertility of mouse grafts. In only two out of ten R mice did any grafted tissue survive, neither of the mice was fertile and no oocytes remained in the grafts.
FERTILITY OF MICE WITH GRAFTS OF OVARIAN TISSUE PRESERVED FOR LONG PERIODS
The homograft reaction in the TO stock is very variable and it was decided to eliminate this hazard by making autografts, although this involved longer storage of the graft material. Weanling mice were spayed unilaterally and the ovaries frozen and stored at -79o C. When operation, the remaining ovary was sterilized by whole-body irradiation. After an interval of some weeks, the stored ovary was autografted back into each recipient. Three groups of TO mice were treated in this way, but the time of soaking before freezing, the concentration of glycerol in the suspension media and the period of storage were varied (Table 4) . There were no 'takes' in twelve mice which received tissue that had been soaked for 1 hr in 15% glycerol in horse serum before freezing and storage at -79o C for 44 days. When the experiment was repeated, three out of ten mice had 'takes' and one of these was fertile although the storage time was slightly increased. Reduction in the soaking time and glycerol concentration, but with the storage time again (1956, 1957) In general appearance, all grafts were similar to those from mice which received fresh tissue. However, host reaction, i.e. lymphocyte infiltration in the R and TO mice, was more pronounced when tissue had been frozen before grafting than when it was untreated, and this reaction was most evident in grafts with very small numbers or with no surviving oocytes. As had been observed in other rat and mouse ovarian grafts (Parrott, 1959; Mussett & Parrott, 1961) , the corpora lutea were the most resistant ovarian elements to host reaction (PL 1, Fig. 2 ). There was no immune response to the grafts in the CBA and G strains. These facts emphasize the necessity of using either autografts or homografts between members of an inbred strain in this type of experiment so that the hazards are limited to those incurred during the freezing procedures.
DISCUSSION
The results show that slight alterations in the concentration of glycerol in the suspending medium and in the soaking time before freezing and thawing affect the subsequent production of viable ova by ovarian tissue after grafting. Further detailed investigations would therefore be worth while. Pregnancies resulting in the birth of live offspring to recipient mice occurred infrequently and the average litter size was small. There were many pseudopregnancies and résorptions. Only one mouse had successive live litters and this was the only animal in which pregnancy and lactation were concurrent. However, any offspring derived from grafts were normal, they were weaned successfully and some were interbred without any abnormality appearing. Offspring from the G-strain mice were genetically identified as deriving from the grafts. Results from recipients with implants of fresh tissue (Mussett & Parrott, 1961) Preservation of oocytes in ovarian tissue during freezing and thawing thus proved to be more difficult than maintenance of endocrine activity. However, any comparison of the results presented in this paper with those of other authors must allow for differences both in animals and experimental technique. For instance, in the experiments of Parkes & Smith (1954) , Parkes (1957 Parkes ( , 1958 and Deansley (1957) grafts of frozen tissue were placed subcutaneously and it is possible that this site is more favourable than the orthotopic position for the reconstitution and survival of endocrinologically active grafts from damaged tissue. Moreover, only autografts were implanted subcutaneously, whereas in some of the present experiments homografts between non-inbred strains were used which introduced the additional hazard of homograft reaction. Finally, most of the initial work (Parkes & Smith, 1954; Parkes, 1958) was carried out on rats, whereas mice were used in the present experiments because of the ease of orthotopic grafting in this species. Orthotopic grafts have been successfully established in the rat (Parrott, 1958) but the considerable range of immune reaction within the outbred stocks available render them unsuitable for this type of work. This disadvantage does not apply to the golden hamster in which orthotopic grafting is simple and both inter-and intrastrain homograft reaction is slight (Parrott, 1959) , but the available techniques for freezing and thawing have proved unsuccessful in preserving the fertility of hamster ovarian tissue (Parrott & Parkes, i960; Parrott, unpublished data) .
